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Formulation and sterilization assessment of kanamycin
sulfate injection based on impurity profiles

ZHAO Jing-dan, LIU Hao", ZHANG Han-zhi

(Shanghai Institute for Food and Drug Control, Shanghai 201203, China)

Abstract: The compatibility of kanamycin with sodium citrate for the formulation of kanamycin sulfate
injection was determined, including optimization of the amount of sodium citrate in the injection and the sterilization
process. An HPLC coupled with an evaporative light scattering detector (ELSD) was used to measure the amount
of sodium citrate and the impurity profiles. A validated post-column derivatization HPLC coupled with a fluores-
cence detector (FLD) was used to determine the correlation between specific impurities in a domestic factory and
sodium citrate, and then the formulation was evaluated by HPLC coupled with mass detector (MS) characterization
of degradation products. The results show that the amount of sodium citrate in kanamycin sulfate injection from a
domestic factory is about 40 times higher than that of the Meiji formulation. Several specific impurities can be
detected in solutions heated under simulated sterilization conditions (121 °C), which were correlated with the
amount of sodium citrate. Impurities were characterized by HPLC-MS/MS, and data showed that the identified
impurities were interaction products of kanamycin and sodium citrate. These results indicate that greater attention
should be directed at formula optimization in domestic factories, as it is crucial to the safety and efficacy of the
preparations. Drug-excipient chemical compatibility should also be evaluated in the development of pharma-
ceutical dosages forms especially when the active pharmaceutical ingredients have a primary amine group.
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Figure 1 Structure of kanamycin
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Table 1 Excipients used in kanamycin injection from different sources
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Product from
. Strength
different sources

Excipient

Manufacturer A 2 mL: 500 mg and
4 mL: 1000 mg
Other domestic 2mL:0.5g
manufacturers

Meiji, Japan 4 mL: 1000 mg

Sodium bisulfite (0.5% W/V); sodium citrate

Sodium bisulfite (0.2%-0.3% W/V); EDTA-2Na (0.01%-0.03% W/V); cysteine hydrochloride (0.1%-0.2%
W/V); sodium citrate (0.1% W/V); sodium acetate (0.1% W/V); disodium hydrogen phosphate (0.2% W/V)
Sodium bisulfite (0.05% W/V); methylparaben (0.045% W/V); ethylparaben (0.005% W/V); sodium citrate
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Figure 2 HPLC chromatograms in ELSD system. A: Typical chromatograms of specificity tests of kanamycin sulfate injection; B:

Chromatograms of kanamycin sulfate injection from different manufacturers. a: Sample solution from manufacturer A; b: Acid degradation

sample solution; c: Base degradation sample solution; d: Oxidation sample solution; e: Light sample solution; f: Heat degradation sample

solution; g: Sample solution from manufacturer B; h: Sample solution from manufacturer C. 1: SO, and SO,*; 2: Na'; 3: Deoxystreptamine-

kanosaminide and 4-O-(6-amino-6-deoxy-a-D-glucopyranosyl)-2-deoxy-D-streptamine); 4: Kanamycin D; 5: Kanamycin; 6: Kanamycin B;

7: Citric acid; 8-10: Unknown impurities; 11: 2-Deoxystreptamine
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Figure 3 HPLC Chromatograms in FLD system. A: Heat degradation solutions of kanamycin sulfate; B: Chromatograms of kanamycin
sulfate injection from manufacturer A and B; C: Chromatograms of kanamycin sulfate injection from manufacturer A and C. a: Sample solu-
tion from manufacturer A; b: Sample solution from manufacturer B; c: Sample solution from manufacturer C; d: Heat degradation solution
of simulated sample solution; e: Heat degradation solution of kanamycin sulfate injection from manufacturer A; f: Heat degradation solution
of kanamycin sulfate injection from manufacturer A added 0.1% sodium citrate; g: Heat degradation solution of kanamycin sulfate injection
from manufacturer A added 0.2% sodium citrate. 1: Kanamycin D; 2: 4-O- (6-Amino-6-deoxy- a -D-glucopyranosyl) - 2-deoxy-D-strep-

tamine); 3: Deoxystreptamine-kanosaminide; 4: Kanamycin B; 5: Unknown impurities; 6: 2-Deoxystreptamine
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Figure 4 Fragmentation pattern of kanamycin
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Figure 5 Line spectra of impurity 8 (A), 9 (B) and 10 (C) in positive ESI mode
Table 2 MS data and fragments of impurities formed in kanamycin injection with high concentration of sodium citrate
Molecular Observed . . . .
Name . Major fragment ion Possible structure Mechanism
ion peak mass
366.19, 324.18,
Kanamycin  [CH;N,O,+H]’ 485.25 205.12, 187.11, /
180.09, 163.11
. . By-product of sodium citrate
Impurity 8 in [C,H;N,O,,+ 480.18, 319.11, . . .
641.25 with the primary amine on
figure 2f C,H0,-2H,0+H]" 162.08
cycle 3
. . By-product of sodium citrate
Impurity 9 in [C,(H,\N,O+ 480.18, 324.18, . . .
641.25 with the primary amine on
figure 2f C,H0,-2H,0+H]" 205.12,163.11
cycle 1
I ity 10 [CHLN,O, + 522 19, 480.18 By-product of sodium citrate
mpuri .19, 480.18, . . .
purtty 18 641.25 with the primary amine on

in figure 2f  C,H,0,-2H,0+H]" 319.11, 162.08

cycle 2
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